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DESCRIPTION 

WIPER CONTROL METHOD AND WIPER CONTROL DEVICE 

TECHNICAL FIELD 
The present invention relates to a wiper control 
method and a wiper control device. More particularly, it 
relates to a wiper control method and a wiper control device 
in which unnecessary wiping operation is not performed in 
case of drizzling rain, .at the time of finish of rainfall, 
or at the time when a vehicle goes into a tunnel from a 
rainfall situation . 

BACKGROUND ART 
A raindrop detecting device as shown in Figure 19 has 
been proposed as an optical rain sensor for controlling a 
vehicular wiper. In such a detecting device, the detection 
area is extremely smaller than the wiping area of a wiper. 
Therefore, the detection sensitivity should be important 
performance for the detecting device. 

Particularly in the drizzling rain, since the 
collision probability of raindrops with the detection area 
is very low, it is difficult for the wiper to be precisely 
controlled in such a situation. 

To solve such a problem, WO91/03393 (National 
Publication of International Patent Application No. 4- 
507227) has disclosed a device for controlling a windscreen 
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wiper "'by the detection amount of optical energy 
corresponding to the size of water wall in advance of the 
windscreen wiper when the windscreen wiper passes through an 
incident point (detection area)". 

Also, WO91/09756 (National Publication of 
International Patent Application No. 4-503791) has also 
disclosed a rainfall response type automatic wiper control 
system having '"means for detecting the presence of waterdrop 
gathered and carried to a detection region by a wiper''. 

Further, the applicant of this invention has also 
disclosed a similar detecting device in Unexamined Japanese 
Patent Publication No. 2000-329862. 

The techniques disclosed in the above-described three 
publications are useful as a technique for improving the 
detection probability of raindrops particularly in case of 
drizzling rain. 

However, the water carried by the wiper is not only 
raindrops adhering to the wiping region of the wiper. For 
example, the wiper can carry water collecting in the stop 
position of the wiper. 

If the wiper carries the above-described water after 
rain has stopped, the following trouble may occur: in such a 
detecting device, the wiper continues the wiping operation 
even when the wiping operation is not necessarily needed 
because rain has stopped. 

Also, when a vehicle goes into a tunnel from a 
rainfall situation, the rainwater adhering to the roof of 
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the vehicle may flow down to the wiping region of a wiper. 
Further, the rainwater having been wiped away to the outside 
of the wiping region by the wiper may flow down to the 
wiping region of the wiper. 

In such cases, it is advantageous to wipe the flowing 
water by at least one wiping operation. In many cases, the 
visibility is secured by this wiping operation. In the 
above-described detecting device, however, the wiper is 
drenched by the wiping operation and carries water, so that 
there arises a problem in that the wiper continues its 
wiping operation even after the visibility has been secured. 

DISCLOSURE OF THE INVENTION 
Accordingly, an object of the present invention is to 
provide a wiper control method and a wiper control device in 
which unnecessary wiping operation is not performed even in 
the above-described cases. 

In the present invention, when a given amount of water 
passing through the detection area, with the water being 
carried by wiping operation of a wiper is detected, the 
presence of an impact of a raindrop on the detection area is 
judged. Based on the result of this judgment, it is judged 
whether the water that is carried by the wiper and passes 
through the detection area is caused by rainfall or by a 
factor other than rainfall. 

Thereby, in the case where there is no impact of a 
raindrop on the detection area even when the amount of water 
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passing through the detection area, with the water being 
carried by the wiper, is not smaller than a predetermined 
value, it can be presumed that the water that is carried by 
the wiper and passes through the detection area is not due 
to rainfall, and further the vehicle is not in a rainfall 
situation. Thus, for example, the frequency of wiping 
operation of the wiper can be controlled properly, the 

period of wiping operation of the wiper can be increased, 
and further the operating mode can be transferred to a 

waiting mode. 

In this description, the water carried by a wiper 

means water that is pushed away by the leading edge of a 

wiper blade with the travel direction of the wiper being the 

reference . 

More specifically, the present invention provides a 
method for controlling an operation of a wiper by directing 
light emitted from a light emitting element to a detection ^ 
area provided at a part of a wiper wiping region of a 
vehicular windshield glass, receiving light reflected on the 
detection area by a photo detector, and detecting a state of 
the detection area, comprising the steps of: 

(a) detecting the amount of water passing through the 
detection area,, with, the water being carried by wiping 
operation of the wiper and; 

(b) detecting an impact of a raindrop on the detection 

area; 

(c) judging whether or not the amount of water passing 
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through the detection area is not smaller than a 
predetermined threshold value; 

(d) judging whether or not the impact of the raindrop 
on the detection area is detected if the amount of water 
passing through the detection area is not smaller than the 
predetermined threshold value; and 

(e) carrying out control to decrease frequency of 
wiping operation of the wiper if the impact of the raindrop 
on the detection area is not detected. 

Also, the present invention provides a wiper control 
method comprising, carrying out control to decrease the 
frequency of wiping operation of the wiper when a judgment 
result that the amount of water passing through the 
detection area is not smaller than a predetermined threshold 
value and the impact of a raindrop on the detection area is 
not detected continues a plurality of times. 

Further, the above-described invention of method can 
be brought into existence as the invention of device. Also, 
the above-described invention can be brought into existence 
as a program for providing a predetermined function to a 
control device for the wiper, computer, and microcomputer or 
as a recording medium storing the program. 

Also, the means in this description can be achieved by 
hardware, software, or a combination thereof. The 
implementation by the combination of hardware and software 
corresponds to, for example, the implementation by a 
computer having a predetermined program. 
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The function provided by one means may be achieved by 
two or more pieces of hardware, software, or combination 
thereof, or the function of two or more means may be 
achieved by one piece of hardware, software, or combination 
thereof . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view showing an installation 
position of a wiper control device on a windshield glass; 

Figure 2 is a view showing an installation position of 
a detection area; 

Figure 3 is a diagram showing a configuration of the 
whole of a wiper control device; 

Figure 4 is a flowchart for illustrating processing 
for detecting the amount of water passing through a 
detection area; 

Figure 5 is a chart typically showing a signal in a 
rainfall state. 

Figure 6 is a chart for illustrating the measurement 
principle of this method; 

Figure 7 is a flow diagram for illustrating steps for 
detecting a raindrop; 

Figure 8 is a diagram for illustrating a digital 
filter; 

Figure 9 is a chart showing a signal at the time of 
the impact of a raindrop and a processed signal; 

Figure 10 is a chart showing a signal in case of 
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drizzling rain; 

Figure 11 is a chart showing a noise level of a 

detecting devices- 
Figure 12 is a flowchart for illustrating the 

processing of a judgment sections- 
Figure 13 is a diagram showing the amount of water 

passing through a detection area; 

Figure 14 is a diagram showing the relationship 

between water amount and raindrop impact; 

Figure 15 is a chart showing the conceptualized 

relationship between the period of wiping operation and the 

amount of water passing through a detection area, with the 

water being carried by a wiper in the case where the amount 

of rainfall is large; 

Figure 16 is a flowchart for illustrating a flow of 

control processing; 

Figure 17 is a chart for illustrating the relationship 

between wiper operation signal and water amount detection 

timing; 

Figure 18 is a matrix for illustrating the 
relationship between water amount, waiting time, and point 
value; and 

Figure 19 is a schematic view for illustrating a 
conventional optical rain sensor. 



BEST MODE FOR CARRYING OUT THE INVENTION 
(Principle of the present invention) 



The inventors found the followings as the result of 
analysis . 

The amount of water (herein, referred to as 'Vater 
amount") passing through a detection area, with the water 
being carried by wiping operation of a wiper directly 
indicates the amount of waterdrop adhering to the wiper 
wiping region of a windshield glass. From the value of this 
water amount, it can be judged whether or not there is a 
waterdrop on the wiper wiping region of the windshield glass, 
and when there is a waterdrop, it can be judged what is the 
amount of waterdrop. 

The dynamic impact (hit) of a raindrop on the 
detection area directly indicates the presence of a dynamic 
impact of a raindrop on the detection area on the windshield 
glass. From the value of this impact, it can be judged 
whether or not rainfall is present, that is, whether or not 
a vehicle is in a rainfall situation. 

Next, when the amount of rainfall is large, the amount 
of waterdrop adhering to the windshield glass increases, and 
hence the amount of water carried by the wiper increases. 
Also, the density of raindrop in rainfall increases, and 
hence the probability of the dynamic impact of a raindrop on 
the detection area on a windshield glass (impact 
probability) increases as a necessary consequence. 

Due to this analysis, it was verified that the water 
amount is proportional to the amount of rainfall, and the 
impact probability is proportional to the amount of rainfall. 
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Therefore, under some condition, the amount of rainfall can 
be estimated from the water amount, and also it can be' 
estimated from the impact probability. 

On the other hand, when the situation changes suddenly 
from a rainfall environment, for example, when the vehicle 
goes into a tunnel from a rainfall situation, there takes 
place a phenomenon that rainwater adhering to, for example, 
the roof of vehicle flows down to the wiper wiping region, 
or rainwater having been wiped off to the outside of wiping 
region by the wiper flows down to the wiper wiping region, 
or the wiper carries water collecting at the wiper stop 
position. It was found that when such a phenomenon takes 
place, the water amount takes a large value although- the 
vehicle is not in a rainfall situation. As a matter of 
course, it was verified that the dynamic impact (hit) of a 
raindrop is not detected in such a situation. 

According to this fact, it was found that. the water 
amount is not always proportional to the amount of rainfall. 
Also, it was found that particularly when the above- 
described phenomenon takes place, the water amount is not 
proportional to the amount of rainfall. Contrarily, the 
impact probability is proportional to the amount of rainfall 
even when the above-described phenomenon takes place and the 
water amount is not proportional to the amount of rainfall. 

From the above-described fact, it can be said that the 
detection result that hit is not detected though the water 
amount is large indicates that the rainfall situation is not 
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normal, and therefore it is unfavorable to judge the amount 
of rainfall on the basis of the value of the water amount. 

In other words, when the water amount takes a large 
value, it can be inferred whether the value of water amount 
depends on rainfall or any other factor by referring to the 
detection result of the impact of a raindrop. Further, it 
can be inferred whether or not the vehicle is in a rainfall 
situation . 

Also, the inventors found the followings as the result 
of analysis. When the above-described phenomenon takes 
place, a good visibility can be kept even if the wiping 
speed is slower or the period of wiping operation is longer 
than that in a rainfall situation. Furthermore, it was 
found that if the wiping speed and period are kept the same 
as those in a rainfall situation when the above-described 
phenomenon takes place, the wiping timing or wiping speed 
often deviates from the driver's sense, which may give a 
sense of strangeness to the driver. Therefore, when the 
above-described phenomenon takes place, for example, in a 
tunnel, the wiping timing etc. of the wiper is preferably 
controlled so as to match the driver's sense. Such a 
control can be achieved, for example, by decreasing the 
frequency of wiping operation of the wiper. 

Hereunder, embodiments of a wiper control method and a 
wiper control device in accordance with the present 
invention will be explained by taking a motor vehicle as an 
example with reference to the accompanying drawings. The 
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explanation is given of a case where the outside surface of 
vehicular windshield glass is a surface to be detected. 
(Position of detection area on windshield glass) 

First, the position of detection area on a windshield 
glass is explained with reference to Figures 1 and 2. 
Figure 1 is a perspective view showing an installation 
position of the wiper control device on the windshield glass, 
and Figure 2 is a view showing an installation position of 
the detection area. 

As shown in Figure 1, a wiper control device 1 is 
installed on the cabin side of a vehicular windshield glass 

2 with an adhesive etc., not shown. That is to say, the 
outside surface of the windshield glass 2 is made a surface 

3 to be detected, and a part of the surface 3 to be detected 
is set as a detection area 4. 

The installation position of the wiper control device 
1 on the windshield glass 2 is defined on the back side of a 
rear view mirror (not shown) not to hinder the driver's 
visibility. Also, the installation position of the wiper 
control device 1 is explained in relation to two wipers 5a 
and 5b. As shown in Figure 2, the installation position of 
the wiper control device 1 is defined so that the detection 
area 4 is located within the wiping operation range of one 
wiper 5b and outside the wiping operation range of the other 
wiper 5a. 

Next, the basic optical system that can be used in the 
present invention is explained. As the basic optical system. 
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a system having the configuration similar to that explained 
in the above-described prior art can be used. 

As shown in Figure 19, light emitted from a light 
emitting element 10 such as an LED is introduced to a glass 
substrate (windshield glass) 2, which is a transparent 
substrate to be detected waterdrops, through a prism glass 
11 etc. The introduced light is totally reflected by the 
surface 3 to be detected, and enters a photo detector 12 
such as a photodiode through the prism glass 11. 

The wiper control device shown in Figure 19 is 
configured so that the maximum output is generated in the 
photo detector in a state in which no waterdrop etc. exists 
on the detection area. Therefore, if there is adhesion 13 
of a waterdrop etc. on the detection area, the output of the 
photo detector will decreases. 
(Configuration of wiper control device) 

Next, the configuration of wiper control device is 
explained with reference to Figure 3. Figure 3 is a diagram 
showing the configuration of the whole of the wiper control 
device. For convenience, the device is divided into a 
hardware part 20 and a software part 21. 

The light emitting element 10 is preferably driven by 
a pulse waveform with a frequency (carrier frequency) not 
lower than 500 Hz. Also, since the light emitting 
properties of the light emitting element 10 change with 
temperature, the actual emitting light quantity is 
preferably monitored by using a monitoring photo detector 23 
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and a monitoring detection circuit 24. Further, it is 
preferable that the light emitting element 10 be driven by a 
driving circuit 22 while the monitoring result is fed back. 

When light enters the photo detector 12, an output 
signal is generated. Since this output signal contains a 
carrier waveform used for driving the light emitting element, 
only an actual signal is first taken out by using a signal 
detection circuit 25. 

It is preferable that the signal output from the photo 
detector is amplified by an amplifier circuit 26 because it 
is normally difficult to obtain a large volume signal output 
by the photo detector available in commercial use. 

Continuously, the amplified signal is input to an A/D 
converter 27, and converted into a digital data. At this 
time, the dynamic range of the A/D converter 27 can be 
properly set according to the output signal of the optical 
system mentioned above. 

The output signal from the A/D converter 27 is sent to 
a detecting section 28. The detecting section 28 detects 
the dynamic impact of a raindrop on the detection area from 
the input signal. Also, the detecting section 28 detects 
the amount of water passing through the detection area, with 
the water being carried by the wiper, from the input signal. 

That is to say, the detecting section 28 has means for 
detecting the dynamic impact of a raindrop on the detection 
area and means for detecting the amount of water passing 
through the detection area, with the water being carried by 
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the wiper. 

Next/ the output signal from the detecting section 28 
is input to a judging section 29. The judging section 29 
judges whether or not the water that is carried by the wiper 
and passes through the detection area is due to rainfall, 
from the dynamic impact of a raindrop on the detection area 
and from the amount of water passing through the detection 
area, with the water being carried by the wiper, which are 
both detected by the detecting section 28. For example, if 
no raindrop impacts on the detection area when a large 
amount of water passes through the detection area, it is 
estimated that this water is due to a factor other than ^ 
rainfall . 

The judging section 29 may be configured so as to send 
a control signal to a motor vehicle controlling computer 
(not shown) to control wiper operation via that motor 
vehicle controlling computer. Also, it may be configured so 
as to control a wiper driving motor directly. 

The above-described detecting section 28 and judging 
section 29 can be configured by software. 
(Method for detecting amount of water passing through 
detection area) 

Next, processing in which the detecting section 28 
detects the amount of water passing through the detection 
area, with the water being carried by a wiper, is explained 
with reference to Figure 4. Figure 4 is a flowchart for 
illustrating the processing for detecting the amount of 
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water passing through the detection area. The detecting 
section 28 executes the processing based on the flowchart 
schematically shown in Figure 4. 

When a start signal of the wipers 5a and 5b is 
received from the motor vehicle controlling computer (not 
shown) (Step 101), that is, when the wipers 5a and 5b start 
their wiping operations at the stop positions at the lower 
end of the windshield glass, the capturing of output signal 
from the A/D converter 27 is started, and the output signal 
is stored in a memory, not shown (Step 102) . 

When a restoration signal telling that the wipers 5a 
and 5b have reversed at reversion positions and subsequently 
restored to the original stop position again is received 
from the motor vehicle controlling computer (Step 103) , the 
storage of output signal from the A/D converter 27 is 
finished (Step 104) . 

After the output signal from the A/D converter 27 is 
captured in this manner, the detecting section 28 judges the 
amount of water based on the captured signal (Step 105) . 
The signal captured from the A/D converter 27 is 
specifically as typically shown in Figure 5. Figure 5 is a 
chart typically showing a signal in a rainfall state. 

In the example of signal shown in Figure 5, it is 
found that two deep dips Dl and D2 are present in the range 
of the captured signal, and that the level of the output 
signal of the photo detector 12 decreases significantly at 
these dips. Of these two dips Dl and D2, the first 
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appearing dip Dl is a signal change at the time when the 
wiper 5b passes through the detection area 4 during its 
movement from the stop position to the reversion position, 
and the next appearing dip D2 is a signal change at the time 
when the wiper 5b passes through the detection area 4 during 
its movement from the reversion position to the original 
stop position. 

As shown in Figure 2, when the wiper 5b passes through 
the detection area 4 during its movement toward the 
reversion position, the wiper 5b reaches the detection area 
4 while gathering rainwater substantially in the area from 
61 to 62 (hatched portion 6) . Also, in case of movement of 
the wiper 5b after reversion, the wiper 5b reaches the 
detection area 4 while gathering rainwater substantially in 
the area from 71 to 72 (hatched portion 7) . 

Therefore, the rainwater in the area of the hatched 
portion 6 will appear as the dip Dl in Figure 5, and the 
rainwater in the area of the hatched portion 7 will appear 
as the dip D2 . Besides the rainfall state, as described 
above, the rainwater adhering to the roof of vehicle flows 
down to the wiper wiping region, or the rainwater having 
been wiped off to the outside of the wiping region by the 
wiper flows down to the wiper wiping region, or the wiper 
carries the water collecting in its stop position. Even in 
such a case, as long as the rainwater existing in the areas 
of the hatched portions 6 and 7 has the same quantity, a 
signal waveform equivalent to the signal waveform shown in 
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Figure 5 will be obtained. Therefore, even before and after 
the situation change such that the vehicle goes into a 
tunnel from a rainfall situation and the rainwater adhering 
to the roof of a vehicle flows down, when the amount of 
rainwater adhering to the hatched portions 6, 7 of 
windshield glass does not change, the same signal waveform 
will continue. 

When the signal typically shown in Figure 5 is 
obtained, the detecting section 28 identifies timing at 
which the wiper 5b passes through the detection area 4 based 
on the length of time in which the output signal from the 
A/D converter 27 is captured in order to judge the amount of 
water based on the data at that timing. That is to say, the 
amount of water is judged based on the information output 
from the photo detector 12 at the time when the wiper 5b 
passes through the detection area 4. For example, the 
amount of water is judged from a peak value at the timing of 
the passage of the wiper 5b above-described (peak value of 
signal change), and is sent to the judging section 29. 
During the wiping operations of the wipers 5a and 5b are 
performed, the above-described processing is executed- each 
time the wipers 5a and 5b reciprocate. When a finish is 
separately commanded (Step 106) , the processing is finished. 
(Method for detecting impact of raindrop on detection area) 

Next, a method for detecting the dynamic impact of a 
raindrop on the detection area is explained. As the method 
for detecting the dynamic impact of a raindrop on the 
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detection area, for example, a method disclosed in 
Unexamined Japanese Patent Publication No. 2001-180447 by 
the inventors can be used. Hereunder, this method is 
explained specifically. 

The principle of this method is explained with 
reference to Figure 6. Figure 6 is a chart for illustrating 
the measurement principle of this method. Figure 6A shows 
an example of input signal model at the time when a 
waterdrop impacts dynamically on the detection area (when a 
waterdrop collides) . From the photo detector 12, its output 
signal is input ("Din). From this input signal (Djj^) , a 
signal (Fl) of its time lag component can be generated. 
Further, a differential signal (A(F1 - 'Din)) can be produced 
which is obtained by subtracting the input signal (Djjv) from 
the time lag signal (Fl) . Figure 6B schematically shows the 
differential signal . 

In the differential signal (A(F1 - Dj^)), a positive 
difference occurs during the period of time from tO to tl, 
and a negative difference occurs during the period of time 
from tl to t3. 

In Figure 6A, a waterdrop begins to impact on the 
detection area at time point (tO) indicated by an arrow mark 
(i) in the figure, and time period indicated by At 
corresponds to the collapse of the waterdrop. The 
subsequent flat signal portion is a signal model expressing 
a state in which the waterdrop has spread. 

It is found that in this dynamic impact, a difference 
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occurs. That is to say, by detecting the occurrence of 
differential signal, the impact of a waterdrop on the 
detection area can be detected. 

If the difference is taken as a value obtained by 
subtracting the input signal from the time lag signal, when 
the difference is positive, it can be judged that a 
waterdrop impacted on the detection area. In this case, 
however, the occurrence of negative difference is not used 
to detect the impact of a waterdrop. 

If the dynamic impact of a waterdrop can be judged, 
for example, the presence of an impact of a waterdrop or the 
number of impacting waterdrops is determined, and the 
operation of a wiper can be controlled based on such a 
determination . 

If the degree of adhesion state of waterdrops (i.e. 
wetting) is low level, the decrease, in signal from the photo 
detector is small. In the judgment by comparison with a 
reference value, it is impossible to set a threshold value 
for a signal of the same degree as that of the noise level. 
That is to say, in the comparison with the reference value, 
if the degree of adhesion state of waterdrops (wetting) is 
low level, the impact of water cannot be judged. 

On the other hand, in this method, since the dynamic 
impact of a waterdrop can be judged, even for the waterdrop 
that is too small to be distinguished from the noise level, 
the impact of a waterdrop can be judged exactly. That is to 
say, even the impact of a small raindrop can be detected. 
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In the above-described explanation, judgment is made 
by the occurrence of diff erential . signal (A{F1 - Dj^) ) which 
is obtained by subtracting the input signal model (Djjv) from 
the time lag signal (Fl) . However, it is preferable that a 
signal (F2) of time lag component be generated from the Fl 
signal, and the dynamic impact of a raindrop be judged by 
the detection of occurrence of a difference between F2 and 
Fl, for example, (A(F2 - Fl)) (refer to Figure 6C) . 

The reason for using F2 signal is as described below: 
the A/D converted input signal contains a quantization error, 
and the pattern processing using the differential signal is 
suitable for capturing a minute difference, but is generally 
vulnerable to noise. 

In the differential signal (A(F2 - Fl)), a positive 
difference occurs during the period of time from tO to t2, 
and a negative difference occurs during the period of time 
from t2 to t4 . 

Next, a detection logic of a raindrop etc. in the 
detecting section 28 in accordance with the present 
invention is explained for each step (refer to Figure 7) . 
Figure 7 is a flow diagram for illustrating steps for 
detecting a raindrop. 

It is preferable that the output of the A/D converter 
27 is previously input into a noise canceling filter in 
order to cancel the spike noises generated by an irregular 
light coming from inside or outside of vehicle. This noise 
canceling processing also can be performed with software. 
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• [LPFl] : Removal of quantization noise 

First, the output from the noise canceling filter is 
further caused to pass through a digital filter 1 (LPFl) . 
This filter 1 is used to remove a quantization error 
occurring in the digital conversion of the A/D converter 27, 
circuit noise, and the like. The output (Fl) from the 
filter 1 may be understood as a first-order time lag signal 
from the input signal {Dj^) . 

The noise removal in the LPF 1 is effected as described 
below. Averaging is performed by dividing the total value 
of the predetermined number of the sampling signal input 
sequentially by the number of samples. The predetermined 
number of samples should be determined so that spike-like 
noise can also be removed to some extent in the LPFl. 

The predetermined number of samples can be determined 
as described below. First, the maximum noise level that can 
be thought in this circuit is measured, and a digit value 
corresponding to this is set. The predetermined number of 
samples can be determined so that this maximum noise can be 
removed, that is, the value obtained by dividing that digit 
value by a certain number of samples is ^^0''. 

Also, normal level noise can be removed by 
sequentially averaging the input value. It is preferable 
that the data processing by this invention does not perform 
the floating point processing and omits decimals for high- 
speed processing. 

The averaging processing is explained in more detail 
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with reference to Figure 8. Figure 8 is a chart for 
illustrating the digital filter. There are input data (Dn) , 
and data cells used for averaging are provided. For example 
if the number of samples for averaging is '"8", data are 
input sequentially in these eight data cells. The sum of 
the value of eight data is divided by the number of samples 
of 8, by which an averaged value (F(l)) is output. Next, D9 
is input in the data cell, and Dl is shifted out. The sum 
of current 8 data is also divided by the number of samples, 
by which an averaged value (F(2)) is output. This 
processing is repeated and thereby an averaged value (F(n)) 
is output sequentially. 

• [LPF2] : Generation of time lag signal 

The quantization noise-canceled signal (Fl) is input 
to a digital filter 2 (LPF2) . In this filter 2 as well, as 
in the filter 1, averaging is performed by dividing the 
total value of the predetermined number of the sampling 
signal input sequentially by the number of samples. By 
averaging the input signals in this manner, a signal (F2), 
which is a time lag component of the signal (Fl), can be 
generated from the noise-canceled signal (Fl) . The output 
(F2) from the filter 2 may be understood as a second-order 
time lag signal from the input signal (Djw) . 

The above-described two-stage filtering may be 
understood as a low-pass filter for cutting high-frequency 
components. Also, this filtering can be achieved by an 
analog circuit. For the analog circuit, it is difficult for 
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the circuit constant to be changed easily, so that a digital 
filter is preferably used. 

• [HPF] : Generation of differential signal 

Subsequently, the two signals from the filters 1 and 2 
are sent to a digital filter 3, by which a difference 
between Fl and F2 is determined to generate a differential 
signal. For example, the Fl signal may be subtracted from 
the F2 signal. The filtering for generating the difference 
value may be understood as a high-pass filter for extracting 
a high-frequency component of the difference between Fl and 
F2. 

• [Detection of differential signal] : Detection of impact 

By capturing the occurrence of this differential 
signal, the dynamic impact of a raindrop etc. can be judged. 
For example, if the differential signal is assumed to be a 
value obtained by subtracting the Fl signal from the F2 
signal, when the difference value is positive, it can be 
judged that a raindrop etc. has impacted on the detection 
area. Inversely, if the differential signal is assumed to 
be a value obtained by subtracting the F2 signal from the Fl 
signal, when the difference value is negative, it can be 
judged that a raindrop etc. has impacted on the detection 
area . 

The canceling of quantization noise (first-order time 
lag signal (LPFl)) is effected by the averaging 8 data (n = 
8) , and the generation of time lag component (second-order 
time lag signal (LPF2) ) is effected by the averaging 4 data 
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(n - 4) . The reason why the number n of data for LPF2 is 
less than that of LPFl is that noise already has been 
canceled by LPFl. 

Figure 9 is a chart showing an actual signal and a 
result of processing of the signal. The graph of Figure 9A 
shows the actual input signal (DIN) , the noise-canceled 
(first-order time lag) signal (Fl), and the (second-order) 
time lag signal (F2) . Further, the graph of Figure 9B shows 
the differential signal obtained by subtracting the Fl 
signal from the F2 signal. The abscissas represent time. 
In Figure 9, a raindrop begins to impact on the detection 
area at timing indicated by an arrow mark (>|.) . Figure 9 is 
a chart showing a signal at the time of a raindrop impacts 
and a processed signal. 

As is apparent from Figure 9, it is found that in this 
case, a positive differential signal (A(F2 -Fl)) occurs in 
response to the impact of a raindrop. 

Further, from the result shown in Figure 9, the 
followings can be verified: in the case where the time lag 
signal (F2) is generated from the noise-canceled signal (Fl), 
the lag amount is large when the Fl signal varies rapidly, 
and inversely the lag amount is small when the Fl signal 
does not vary so much. 

Furthermore, it can be verified that if the 
differential signal A(F2 -Fl) between F2 and Fl is 
generated, a large difference is generated when the Fl 
signal varies rapidly, and inversely a difference scarcely 
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occurs when the Fl signal does not vary so much. 

Also, for example, when the output of the light 
emitting element shifts slowly, the output of the photo 
detector also shifts. In such a case, in the conventional 
detection method using a threshold value, accurate detection 
is difficult to do with the threshold value being fixed. 
Therefore, a complicated judgment logic is naturally needed. 

On the other hand, in the method in accordance with 
the present invention, in which a differential signal from 
the time lag signal is detected, the shift amount can be 
canceled by obtaining the differential value, so that a 
raindrop impact can be detected precisely. Also, the 
judgment logic is very simple because it merely detects the 
occurrence of difference. 

Next, Figure 10 shows a signal example at the time 
when a small raindrop impacts on the detection area. Figure 
10 is a chart showing a signal in case of drizzling rain, 
and Figure 11 is a chart showing a noise level of a 
detecting device. In Figure 10, a raindrop impacts on the 
detection area at timing indicated by arrow marks (i) . The 
time axis of abscissa is different from that of Figure 9. 
The concrete noise level of detecting device is about 25 mV 
as shown in Figure 11. 

The change amount of signal at the time when a small 
raindrop impacts is about 23 mV or about 30 mV, which is not 
so different from the noise level. However, it could be 
verified that a positive differential signal occurs 
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corresponding to the impact of the raindrop. That is to say, 
with this method/ even for a small raindrop which has an 
impact similar to noise level, the impact thereof can be 
detected precisely. 

(Method for detecting impact of raindrop on detection area 
by threshold method) 

As another method for detecting the impact of raindrop 
on the detection area, there can be used a well known method 
in which rainfall, is detected by comparing a change in 
output signal of the photo detector with a reference value 
(what is called a threshold method) (for example. Unexamined 
Japanese Patent Publication No. 10-186059) . 

Further, a method in which a plurality of reference 
values are set according to various modes (Unexamined 
Japanese Patent Publication No. 10-186059) or a method in 
which the reference value is successively updated 
(Unexamined Japanese Patent Publication No. 2-68248) may be 
used- 

In the above-described methods, the impact of raindrop 
may be detected by comparing the change in quantity of light 
entering the photo detector with a fixed threshold value. 
(Processing in judging section) 

The result of the detection for the amount of water 
passing through the detection area and the result of the 
detection for the impact of a raindrop on the detection area, 
which are output from the detecting section 28, are input to 
the judging section 29. The judging section 29 performs 
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judgment processing described below based on these inputs. 
Specifically, it performs the processing shown in Figure 12. 
Figure 12 is a flowchart for illustrating the processing of 
the judgment section. Figure 13 is a chart showing the 
amount of water passing through the detection area, and 
Figure 14 is a chart showing the relationship between water 
amount and raindrop impact . 

The judging section 29 first judges whether or not the 
amount of water passing through the detection area (water 
amount) is not smaller than a predetermined threshold level 
{th) (Step 201) . If the water amount is not smaller than th, 
the water amount corresponds to a region indicated by Al in 
Figure 13. Taking the signal waveform shown in Figure 5 as 
an example, for example, when the water amount at Dl in 
Figure 5 exceeds th, the water amount corresponds to region 
Al shown in Figure 13. Also, if the value at Dl is 
approximate to the value shown in Figure 5 even when 
raindrops flow down from the roof of vehicle, the water 
amount will correspond to the region indicated by Al in 
Figure 13. 

In other words, even when the vehicle goes into a 
tunnel from a rainfall situation and the rainwater adhering 
to the roof of vehicle flows down, it cannot be judged, at 
this stage, whether or not the water passing through the 
detection area is due to rainfall. 

If the water amount is not smaller than th, it is next 
judged whether or not a raindrop has impacted on the 
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detection area (Step 202). 

If no raindrop has impacted on the detection area, 
this case corresponds to a region indicated by hatched 
portion A2 in Figure 14. This region indicates a case where 
no hit is detected though the water amount is large, so that 
it is presumed that the water carried by wiping operation of 
wiper is not raindrops due to rainfall (Step 203) . Thereby, 
for example, even when the vehicle goes into a tunnel from a 
rainfall situation and the rainwater adhering to the roof of 
vehicle flows down, it can be judged that the situation has 
changed. 

Next, the judging section 29 makes a request, for 
example, to decrease the frequency of wiping operation of 
the wiper (Step 204) . Thereby, even when the situation 
changes as described above, the operation of the wiper can 
be controlled according to the change of situation. 

The wiper control request in Step 204 is made to match 
the wiper wiping timing with the driver's sense. Therefore, 
the control should be changed according to the operation 
state of wiper at that time. For example, the judging 
section 29 receives a signal concerning the current 
operation state of the wiper from the motor vehicle 
controlling computer, and makes the following judgment. 

When the wiper operates at a high wiping speed, the 
wiping speed is switched over to a lower speed. Also, when 
the wiper operates in a continuous mode (no waiting time) , 
the mode may be changed to an intermittent mode, and when 



- 28 - 



the wiper operates with a short period of wiping operation, 
the period may be changed over to a longer period. Further, 
when the wiper operates in an intermittent mode, the mode 
may be transferred to a waiting state (no wiping operation) . 

Although it is useful to change the frequency of 
wiping operation of a wiper according to a change of 
situation, if the frequency of wiping operation is changed 
based on the result of only one process performed by Steps 
201 through 204, a trouble may occur. For example, rainfall 
cannot sometimes be caught by one process because of a small 
detection area, or the frequency of wiping operation is 
switched over frequently in a short period of time, which 
gives a sense of strangeness to the driver. 

Therefore, it is preferable that the judgments in 
Steps 201 and 202 are made a plurality of times, or only the 
judgment in Step 202 is made a plurality of times after Step 
201, and when the result of ^'No" in Step 202 (no impact of 
raindrop) continues a plurality of predetermined times, a 
request for decreasing the frequency of wiping operation of 
the wiper is made. 

In the above-described example, in Step 202, judgment 
is made based on the presence or absence of an impact 
(impact of one time) of a raindrop on the detection area. 
However, the present invention is not limited to this 
example. For example, the number of times of detected 
impact of a raindrop on the detection area is summed up, and 
judgment may be made based on the summed-up number of times 
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of impact. Specifically, the case where the summed-up 
number of times of impact exceeds a predetermined threshold 
value is caused to correspond to '^impact'' in Step 202, and 
the case where the summed-up niimber of times of impact does 
not exceed a predetermined threshold value is caused to 
correspond to ^'not impact" in Step 202. 
(Change of threshold value) 

Next, a method for changing the predetermined 
threshold value used for evaluating the amount of water 
passing through the detection area is explained. The amount 
of water passing through the detection area, the water being 
carried by wiping operation of a wiper, changes with the 
increase/decrease in amount of rainfall. In addition, the 
amount of water passing through the detection area changes 
with the increase/decrease in the period of wiping operation 
of the wiper. Therefore, even if the amount of rainfall is 
constant, the amount of water passing through the detection 
area can change due to the change of the period of wiping 
operation. In such a case, it is difficult to evaluate only 
the amount of rainfall exactly. 

Thereupon, the threshold value is preferably changed 
according to the period of wiping operation of a wiper. By 
doing this, an influence of change of the period of wiping 
operation of the wiper can be removed from the value of the 
amount of water passing through the detection area, the 
water being carried by wiping operation of the wiper, so 
that the amount of rainfall can be evaluated exactly. In an 
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example of processing, the judging section 29 changes the 
predetermined threshold value according to the period of 
wiping operation of the wiper. 

Explaining more detailedly, the following knowledge 
was obtained regarding the relationship between the period 
of wiping operation of a wiper and the amount of water 
passing through the detection area, the water being carried 
by wiping operation of the wiper. 

First, in the case where the rainfall situation does 
not change, the amount of water passing through the 
detection area, the water being carried by a wiper, 
increases as the period of wiping operation of the wiper 
increases. Considering a theoretical model, in the case 
where the amount of rainfall is not so large, the density of 
raindrop is uniform, and the diameter of raindrop is fixed, 
the amount of water passing through the detection area 
increases in proportion to the period of wiping operation of 
a wiper. 

Next, in the case where the amount of rainfall is 
small, and the diameter of raindrop is small, the amount of 
water passing through the detection area does not increase 
so much even if the period of wiping operation increases 
because the raindrop adhering to the windshield glass dries. 

The amount of water that can be carried by a wiper has 
a fixed limitation. Since a general wiper blade has a 
straight shape, the outflow of rain from both end portions 
thereof to the outside cannot be prevented. Therefore, when 
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the amount of rainfall is large, some rainwater escapes to 
the outside. In addition, the rain escapes from the wiper 
blade due to a centrifugal force produced by the turning of 
the wiper, the gravity acting on the water gathered by the 
wiper, and the like. 

Also, when the amount of water passing through the 
detection area becomes a fixed value or larger, almost all 
light sent from the light emitting element penetrates the 
glass at the detection area, so that the output signal of 
photo detector reaches the lower limit, and hence a further 
increase in the amount of water cannot be detected. 

Because of the above-described fact, when the amount 
of rainfall is large, the detection result of the amount of 
water passing through the detection area, the water being 
carried by a wiper, tends to saturate at a fixed value (L) 
as shown in Figure 15. Figure 15 is a chart showing the 
conceptualized relationship between the period of wiping 
operation and the detection result of the amount of water 
passing through the detection area, the water being carried 
by a wiper in the case where the amount of rainfall is large. 
For such a relationship between them, an approximate value 
may be determined by a predetermined logarithmic function. 

Another factor that exerts an influence to the amount 
of water is the deterioration in wiper blade. If the wiper 
blade deteriorates, rain comes off through a gap produced at 
the blade tip. The smaller the amount of rainfall is, the- 
higher the ratio of the coming-off amount to the amount of 



- 32 - 



water gathered by the wiper is, so that the influence of 
deterioration in a wiper blade increases. In addition, as 
other factors, the above-described water collecting at the 
stop position, water flowing to the wiper wiping region, and 
the like can be cited. 

From the above-described knowledge, when the threshold 
value is changed with the period of wiping operation of a 
wiper, it is preferable that the threshold value be set 
further considering other parameters such as the amount of 
rainfall. Specifically, for example, when the amount of 
rainfall is small, the increase rate of threshold value is 
decreased, and when the amount of rainfall is large, a fixed 
upper limit of threshold value is provided. 
(Another embodiment ) 

Next, specific control processing in accordance with 
another embodiment will be typically shown. Figure 16 is a 
flowchart for illustrating a flow of control processing. 
Figure 17 is a chart for illustrating the relationship 
between wiper operation signal and water amount detection 
timing, and Figure 18 is a matrix for illustrating the 
relationship between water amount, waiting time, and point 
value. 

As shown in Figure 16, the detecting section 28 adds 
the detected water amount to a counter (Step 301) . This 
embodiment does not take a form such that the actual water 
amount itself is added. A predetermined point value 
determined by the combination of the actual water amount and 



- 33 - 



the wiper waiting time is used as the water amount. 
Hereunder, this point value is explained. 

As shown in Figure 17A, the wiper operates for a 
period during which the operation signal is ON (operation 
period) , and the wiper is in a waiting state for a period 
during which the operation signal is OFF (waiting period) . 
In Figure 17, the operation period is indicated as OPl, 0P2 
and 0P3, and the waiting period is indicated as Wl, W2 and 
W3 . Also, Wl, W2 and W3 are periods having a different 
length respectively (Wl < W2 < W3) . As shown in Figure 17B, 
the water amount is detected from the signal of the photo 
detector during the operation period. 

When a water amount is detected, the detecting section 
28 refers to the waiting period just before the operation 
period for which that water amount is detected. Then, a 
point value is determined from the combination of the value 
of water amount and the length of waiting period. 
Specifically, the point value is determined using the matrix 
of Figure 18. In the matrix shown in Figure 18, the point 
values are arranged so as to increase with an increase in 
water amount and decrease with an increase in waiting period. 

As one example, it is assumed that a water amount of 
level thl is obtained within the first operation period OPl . 
The waiting period just before OPl is Wl . By applying Wl 
and thl to the matrix of Figure 18, a point value of 6 is 
obtained. The thus obtained point value of 6 is added to 
the counter. By utilizing the point value configured as 
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described above, the influence due to the change of waiting 
time can be removed from the detected water amount. 

Next, the detecting section 28 judges whether or not 
the number of times of detection of water amount is not 
smaller than a predetermined number of times (Step 302), and 
repeats the processing in Step 301 until the number of times 
of detection reaches the predetermined number of times. For 
example, an example in which the predetermined number of 
times is three is explained. For the second operation 
period 0P2, the water amount of level th2 is obtained, and 
the waiting period is W2 . Therefore, a point value of 6 is 
added to the counter. Similarly, for the third operation 
period 0P3, a point value of 6 is added to the counter. At 
this stage, 18 points are counted in the counter. 

If the number of times of detection reaches the 
predetermined niomber of times in Step 302, then, the judging 
section 29 judges whether or not the impact of a raindrop on 
the detection area has been detected by the detecting 
section 28 (Step 303) . It is assumed that the detection of 
the impact of a raindrop is performed by the above-described 
method, and the detection result is stored in a 
predetermined memory. 

If the impact of a raindrop is detected, the counter 
in which the point value is counted is cleared to zero (Step 
304) . 

Next, the judging section 29 judges whether or not the 
value of counter is not smaller than the threshold value th 
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(Step 305) . The case where the value of counter is smaller 
than the threshold value th includes a case where the count 
value (18 points in the above-described example) itself of 
the counter is smaller than the threshold value and a case 
where the counter is cleared in Step 304 1 

If the value of counter is not smaller than the 
threshold value th in Step 305, a request is made to 
decrease the frequency of wiping operation of a wiper (Step 
306) . In Step 305, the case where the value of counter is 
not smaller than the threshold value th means a case where 
the impact of a raindrop is not detected though the amount 
of rainfall is a fixed value or larger. 

According to this embodiment, the present invention 
can be carried out using, a low CPU load and memory capacity. 

The above is an explanation of the present invention 
given by using the preferred embodiments, and the present 
invention is not limited to the above-described embodiments. 
A person skilled in the art can make variations or 
modifications appropriately based on the technical spirit 
disclosed herein without departing from the scope of the 
present invention. Also, such variations and modifications 
are embraced in the present invention. 

INDUSTRIAL APPLICABILITY 
As described above, according to the present invention, 
control can be carried out so that wiping operation does not 
take place at unnecessary timing, and wiper operation 
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matching the driver's sense can be achieved. 

The present invention is especially useful in the case 
where the frequency of wiping operation of a wiper must be 
decreased at the time when the environment in which the 
vehicle is placed is changed from a rainfall situation to 
other situations. 
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